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Introduction...

An alternative retrieval algorithm can be of assistance to
validate retrieval algorithm and its products and to know if
retrievals reach the instrument potential.
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Equivalent Spatial Resolution Needed
AIRS Case 2004.09.08 Granule 011 (relative humidity field)

ECMWEF doesn’t have a spatial LaRC Clear Algorithm LaRC Cloudy Algorithm
resolution needed for precisely  (regional training) using AIRS (global training) using AIRS
validating AIRS retrievals. V4 CC Radiance (3x3 FOVs).  original radiance (1x1 FOV).
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Outline

 LaRC Retrieval Algorithm Introduction

 AIRS and IASI Retrieval Demonstration

« AIRS and IASI Inter-comparison using LaRC Retrieval Algorithm
 AIRS V5 and LaRC Retrieval Inter-comparison

« Validation with Dropsonde and Radiosonde

« Summary, Future Work, and Suggestion
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LaRC Single FOV Retrieval Algorithm
PART A: REGRESSION RETRIEVAL (Zhou et al., GRL 2005)

Using an all-seasonal-global training database to diagnose 0-2 cloud layers from training relative
humidity profile:
A single cloud layer is inserted into the input training profile. Approximate lower level cloud using
opaque cloud representation.
Use parameterization of balloon and aircraft cloud microphysical data base to specify cloud effective
particle diameter and cloud optical depth:
Different cloud microphysical properties are simulated for same training profile using random
number generator to specify visible cloud optical depth within a reasonable range. Different habitats
can be specified (Hexagonal columns assumed here).
Use LBLRTM/DISORT “lookup table” to specify cloud radiative properties:
Spectral transmittance and reflectance for ice and liquid clouds interpolated from multi-dimensional
look-up table based on DISORT multiple scattering calculations.
Compute EOFs and Regressions from clear, cloudy, and mixed radiance data base:
Regress cloud, surface properties & atmospheric profile parameters against radiance EOFs.

PART B: 1-D VAR PHYSICAL RETRIEVAL (Zhou et al., JAS 2007)

A one-dimensional (1-d) variational solution with the regularization algorithm (i.e., the minimum
information method) is chosen for physical retrieval methodology which uses the regression
solution as the initial guess.

Cloud optical/microphysical parameters, namely effective particle diameter and visible optical
thickness, are further refined with the radiances observed within the 10.4 um to 12.5 pm window
region.
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LaRC Single FOV Retrieval Algorithm
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[\l High-resolution infrared radisnce spectra obtained
from near nadic observations provide amospheric, surface,
and cloud property information. A fast radistive transfer
model, including clond effects, is used for atmospheric
profile ad doud parameter retrieval. The retrieval
algorithm is presented along with its application to recent
field experiment data from the NPOESS Airborne Sounder
Testhed — Interferometer (NAST-T). The retrieval accuracy
d i on cloud properties is discussed. It i shown
that relatively accurate temperature and moisture retrievals
can be achieved below optically thin clouds. For optically
thick clouds, accurate tempersture and moistre profiles
down to cloud top level are obtained. For both optically thin
and thick cloud situations, the cloud top height can be
retrieved with an accurscy of approximately 1.0 km.
Preliminary NAST-I retrieval results from the recemt
Atlantic- THORFEX R-..glm'la] t"ampalpl {ATR-’.(‘) are
ted  and r

ehmlmd from dropsondes an.d the nadir-) pmﬂtmg Cloud
Physics Lidar (CPL). Citation: Zhem, 0. K, W. L. Smith,
X. Lim A. M. Larar, H-L. A Humng, J. Li, M. J. McGill, and
5 A Mango (2005), Thermodynemic and cloud parameter
retrieval using infrared spectal dats, Gegplys. Res Lert, 32,
L15805, dai:10.1029/2005 GLI23211.

1. Introduction

[2] Observations from an sircraft or a spacecraft flown
infrared instrument can be used o infor the atmospheric
temperature, moisture, and concentration of other chemical
species using radistive transfer equation inversion tech-
niques, The rewievals of amospheric state (ie., enpers-
ture and moisture profiles) obtained from infrared
radiometric measurements will contsin inilershle emor
near and below the cloud level if the attenuation of
infrared radistion emitted from the Earfh's surface and
the atmosphere below the clonds & not properly accountad
for in the rewriewal process. Since there are vast cloudy
regions of the globe, a great deal of effort has gone into
the cloud detection and clond-clearing processes [Smith
et al., 2M]. Nevetheless, e schemes dealing with
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clond detection and cloud-clearing [Smith, 1968] remain a
major source of emor in the final retrieval products.
Recently, fast molecular and clond ransmittance models
have been developed 0 enable the infrared radisnces to be
used under cloudy conditions with the accuracy required
for sounding retrieval processing. Here, the EOF (ie,
empirical erthogonal function) statistical regression retrieval
algoritim [eg., Smith and Woolf, 1976; Zhou er al,, 2002]
is expanded o include realistic cloud parameters {eg.,
cloud top height, effective particle diameter, and optical
depth) to deal with cloudy as well & coud-free observa-
tions, With this improved algorithm, cloud parameters, as
well as atmospheric profiles, are retrieved from the spectral
radiance ohservations,

[:] The NPOESS {N: 1 Polar-orbiting Oy
Environmental Saellite System) Airbome Sounder Testhed
- Interferometer (NAST-I) has been successfully operating
on high altitude sircraft since 1998 [e.g., Cowsing and
Semith, 1997, Smith ar al, 2005]. NAST-1 & designed to
support the development of futre satellile temperatre and
moistre sounders such as the IAST (Infrared Amospheric
Sounding Interferometer) on the METOP satellite, the CrlS
{Cross-track Infrared Sounder) on the NPP (NPOESS
Preparaiory Project) and fe following NPOESS series of
mwellites, as well as the HES (Hyperspectral Environmen-
tal Suie) to fly on the GOES-R mtellite series. Both
simulated and measured NAST-1 data are used in this
sudy. The retrieval accuracy, which depends on cloudi-
ness, is discussed. Retrievals of clowd properties and
atmoespheric properties from NASTI observations are
compared with coincident observations obmined from the
nadir-pointing Cloud Physics Lidar (CPL) and dropsondes,
respectively.

1. Radiance Simulations, Training, and
Regression

[4] The infrared radisnces messured under cloudy con-
ditions are simulated by combining fe Optimal Spectral
Sampling (0SS) fast moleculsr madiative transfer model
[Moncer er al, 2003], with the physically-based cloud
radistive fransfer model based on DIScreie Ordinate Radi-
ative Transfer (DISORT) [ Siamnes ef al., 1988] calculations
performed for a wide variety of clond microphysical
properties [eg., Fang of al, 2001]. Here, 3 maximum of
2 cloud levels is used; a single cloud layer (either ice or
liquid) and ancther optically thick clowd layer can be
assumed to exist &t a lower level when the radicsonde
detects two, or more, layers of clowd. These cloud layers,
dlong with the madicsonde profile, are used to sinmlate
NAST-1 radiances. Cirmus clouds are assumed i exist at the
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ABSTRACT

A physical inversion scheme has been developed dealing with cloudy as well as cloud-free mdiance
ohserved with ultraspectral infrared sounders to si refrieve surface, i thermody-
namic, and coud microphysical parameters A fast radiative transfer madel, which applies to the douded
atmosphere, is used for atmospheric profile and cloud parameter retrieval. A one-dimensanal {1D) varia-
tional multivariable inversion sclution is wsed to improve an iterative background state defined by an
cigemmector-regression retrieval. The sclutian is iterated in crder to account for nonlinearity in the 10
variational solution, Tt & shown that relatively accurate temperature and moisture retrievak can be achicved
beekerw optically thin clowds. For optically thick clouds. accurate temperature and moisture profiles down to
cloud-top Jevel are obtained. For both optically thin and thick cloud situations, the cloud-top height can be
retrieved with relatively high accuracy (i, error <1 km). National Polar-cebiting Operational Environ-
mental Satellite System (NPOESS) Airborne Sounder Testbed Interferometer (NAST-T) retrievals from
the The Observing-System Research and Predictability Experiment (THORPEX) Atlantic Regional Cam-
paign are compared with coincident ioos obtained from d the nadir-painting cloud
physics lidar (CPL). This work was motivated by the need to obiain salutions for atmaspheric soundings
from infrared radiances ohserved for every individual field of view, regardless of cloud caver, from future
uliraspectral gecstationary satellite sounding i such as the Imaging Fourier
Tramsform Spectrometer (GIFTS). However, this retrieval approach can alsn be applied to the ultraspectral
sounding instruments to fly on polar satellites, such as the Infrarsd Atmaspheric Sounding Interferameter
(IAST) an the European MetOp satellite, the Cros=-tmck Infrarsd Sounder (Crl5) on the NPOESS Pre-
paratary Project, and the follow-an NPOESS series of satellites.

1. Introduction mospheric emp . moisture, and o

969

of

Madir obeervations from a spacecraft- or an aircraft-
Flown infrared instrument can be used to infer the at-
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other chemical species using radiative transfer equation
inversion techniques. The retrievals of atmospheric
state, temperature, and moisture profiles obtained from
infrared radiometric measurements will contain intol-
erable error near and below the cloud level if the cloud
radiation and the attenuation of infrared radiation
emitted from the earth’s surface and the atmosphera
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Global Training for LaRC Algorithm
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Channel Used in LaRC Retrieval Algorithm
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LaRC Retrieval Demo with IASI: Cloud & Surface

Cloud Parameters:

Cloud Top Height (km) Cloud Optical Depth Cloud Particle Diameter (um)
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LaRC Retrieval Demo with IASI: RH Horizontal
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LaRC Retrieval Demo with IASI: RH Vertical
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LaRC IASI Regression vs. Physical Retrieval

20

-t
(3]

Altitude (km)

16 ———————————— )
— IASI REG: (25.03 -90.53)

14 — IASI PHY: (25.03 -90.53) ||

121 —— Drop: (24.99 -90.48)

10} 1
B , 4
6 b 4
44+ 4
2. {
0

RH (%)

0 10 20 20 40 50 60 70 80 90 100§ —]

| — 1ASI REG: (30.27 -89.76) |
— IASI PHY: (20.27 -29.76)
| — Raob 122: (30.33 -89.82) |

o

e

-
nN

Latitude

g

Altitude (km)

Latitude (deg.)

Altitude (km)

>
<

— IASI REG: (27.05-90.53) ||
— IASI PHY: (27.05 -90.53) |]
—— Drop: (27.15 -90.47)

N S

@ O

o N A O

0 10 20 30 40 50 60 70 80 90 100>

RH (%)

.....

o N &b O 0 O

37 38 39 40 41 42

Latitude (deg.)

The retrieval improvement based on the EOF statistical regression through
physical iteration is only contributed by IASI measurements as the minimum
information methodology used. A high resolution atmospheric structure is
captured very well by IASI measurements (retrievals); not only in the

troposphere but also in the boundary layer.
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Comparison between IASI and AIRS

IASI LaRC Retrieval:
101 vertical grid & IASI 1x1 FOVs
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Why they are different?

IASI LaRC Retrieval:
101 vertical grld & IASI 1x1 FOVs
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Difference between the Algorithms

AIRS V5 Retrieval: AIRS LaRC Retrieval:
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Difference between the Horizontal Resolution

AIRS LaRC Retrieval: AIRS LaRC Retrieval:
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Difference between IASI and AIRS & their Obs.
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AIRS vs. IASI & V5 vs. LaRC (RH Vertical)

[ — Different Instruments, Same Algorithm —
IASI LaRC Retrieval: 101 vertical grid & IASI 1x1 FOVs g % Ale LaRC Retrieval: 101 vertical grid & AIRS 1x1 FOVs %
80
I70
T I 160 £
5 i 50 -
2 40 2
< 30 <
20
- 10 \
835 24 245 25 255 26 265 27 275 28 285 29 295 30 305 3 ;15 32 325 9 235 24 245 25 255 2é 265 27 275 28 285 29 295 30 305 31 315 32 325
Latitude (deg.) Latitude (deq.)
A
Different Resolution, Same Algorithm
v
AIRS V5 Std Retrieval: 101 vertical grid & AIRS 3x3 FOVs " AIRS LaRC Retrieval: 101 vertical grid & AIRS 3x3 FOVs %

Altitude (km)
Altitude (km)

) e -
23 5 24 245 25 255 26 265 27 275 28 285 29 29. 5 30 305 31 315 32 325
Latitude (deq.)

C & 2N -
sy 250 {’;‘—H = Z =
— All'nso h#ﬁk can 3
235 24 245 25 255 26 265 27 275 28 285 29 295 30 305 31 315 32 325
Latitude (deq.)

t Isame Instrument, Different Algorithms ¢

Dan Zhou @ AIRS Science Team Meeting; April 15-17, 2008




Langley Research Center

AIRS V5 vs. LaRC (RH Horizontal)

AIRS V5 Std Retrieval: 101 vertical grid & 3x3 FOVs

AIRS LaRC Retrieval: 101 vertical grid & 1x1 FOVs
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AIRS V5 vs. LaRC (ATemp Horizontal)

AIRS V5 Std Retrieval: 101 vertical grid & 3x3 FOVs
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AIRS LaRC Retrieval: 101 vertical grid & 1x1 FOVs
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LaRC Retrieval Demo with AIRS: Cloud & Surface

Cloud Parameters:
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LaRC Retrieval Demo with AIRS: RH Horizontal
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LaRC Retrieval Demo with AIRS: RH Vertical
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LaRC AIRS Regression vs. Physical Retrieval
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The retrieval improvement based on the EOF statistical regression through
physical iteration is only contributed by AIRS measurements as the minimum
information methodology used. A high resolution atmospheric structure is
captured very well by AIRS measurements (retrievals); not only in the
troposphere but also in the boundary layer.
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Summary and Future Work...

r=Preliminary Case study with AIRS V5 is inter-compared between AIRS and
IASI using two different retrieval approaches.

EdCoincident dropsondes during the IASI and AIRS overpasses at the same
locations are used to validate atmospheric conditions.

EdFull resolution retrievals from IASI and AIRS are very similar, however, IASI
retrieval seems smoother than AIRS (this might be due to a lower spatial
resolution of IASI and/or a “higher” retrieval noise level with AIRS).

EidFurther inter-comparison between AIRS and IASI with other cases will be
performed to provide more-definitive conclusions.

HB<@The benefits of this retrieval validation approach with different retrieval
algorithms and instruments are demonstrated.

Z<TAIRS data will be interoperated to IASI FOV for co-located inter-comparison to
minimize geophysical location difference.

@¢Case studies such as this (i.e., use LaRC retrieval algorithm) can be used in
validating upcoming AIRS V6 prior to V6 releasing.

“&&Continue to work with EUMETSAT to improve and to validate IASI operational
products.
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AIRS and IASI RH Distributions (2007.04.29)

AIRS @ ~19:30 UTC IASI @ 15:45 UTC
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AIRS vs. IASI (for retrieval noise comparison?)
IASI LaRC Retrieval: IASI 1x1 FOVs
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Comparison between IASI and AIRS
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